INTRODUCTION
============

Anisakis is a nematode parasite that may infect humans following the ingestion of uncooked or raw, infected seafood, such as herring, squid, anchovy, cod, mackerel, and pacific salmon \[[@b1-kjp-57-4-411]\]. Most cases of anisakiasis are reported from countries where the consumption of raw seafood is common, such as East Asian and Southern European countries, but the incidence of anisakiasis is increasing worldwide because of the increased popularity of sushi and sashimi. When humans ingest this infected seafood, the *Anisakis* larvae can migrate to the digestive tract and potentially invade the gastric and intestinal walls where they cause various symptoms such as abdominal pain, nausea, vomiting, and diarrhea \[[@b2-kjp-57-4-411]\]. Anisakiasis is classified according to the infected organ or anatomical location, e.g., gastric anisakiasis and enteric anisakiasis \[[@b3-kjp-57-4-411]\]. The stomach is the most commonly involved site, followed by the small intestine; the colon is rarely affected \[[@b4-kjp-57-4-411]\].

Most reports describe symptomatic patients as those having an obstruction or peritonitis \[[@b5-kjp-57-4-411],[@b6-kjp-57-4-411]\]. Laparotomy leads to the identification of an *Anisakis* worm in the excised specimen of the small intestine or colon. A case of peritonitis in Japan was confirmed to be an *Anisakis* infection, following partial resection of the ileum \[[@b5-kjp-57-4-411]\]. In another published case, intestinal obstruction was found to have been caused by acute invasive enteric anisakiasis, which was confirmed by segmental resection of the small bowel \[[@b6-kjp-57-4-411]\]. The presence of *Anisakis* worms can also be detected by colonoscopy in asymptomatic patients \[[@b7-kjp-57-4-411]\]. However, only a few cases of colonic anisakiasis have been reported \[[@b8-kjp-57-4-411]\], and the clinical features and treatment of this condition remain unclear. Therefore, this study investigated the clinical and endoscopic features of colonic anisakiasis by colonoscopy in Korea.

CASE RECORD
===========

Patients diagnosed as having colonic anisakiasis following colonoscopy at 7 University hospitals (Seoul National University College of Medicine Boramae Medical Center, University of Ulsan College of Medicine Asan Medical Center, Sungkyunkwan University School of Medicine Samsung Medical Center, Seoul National University Bundang Hospital, Chungang University College of Medicine, Catholic University College of Medicine, and Wonkwang University College of Medicine) and One General Hospital (St. Luke's Hospital) in Korea between January 2002 and December 2011 were enrolled in this chart review study. The medical records of the 20 patients diagnosed as having colonic anisakiasis were retrospectively reviewed, and the following parameters were analyzed: age, sex, type of raw seafood ingested, clinical symptoms, interval between raw seafood ingestion and onset of symptoms, laboratory findings, such as leukocyte and eosinophil counts, radiologic findings, colonoscopic findings, location at which the *Anisakis* larvae were found, and treatment. Anisakiasis was identified in histologic section by pathologist as following characteristics, (1) distinctive Y-shaped lateral chords; (2) no lateral alae (wing like projection) extending from cuticles as with larval Ascaris sp.; and (3) 60 to 90 muscle cells per quadrant; 60 to 80 cells in the intestine \[[@b2-kjp-57-4-411]\].

Statistical analysis
--------------------

SPSS 18.0 software (SPSS, Chicago, Illinois, USA) was used to perform the statistical analysis. Patients were divided into 2 groups according to their clinical symptoms: acute colonic anisakiasis or incidental anisakiasis. Data are presented as means ±standard deviation or frequencies (percentages). The Student *t*-test, χ^2^ test, and Fisher exact test were used to analyze continuous and categorical variables, and *P*\<0.05 was considered significant in all analyses.

Clinical features
-----------------

The patients (70% men and 30% women) ranged in age from 32 to 71 years (mean, 53.6±10.74 years). Abdominal symptoms were present in 60%, and 40% patients were asymptomatic. Overall, acute abdominal pain was the most common symptom; some patients also experienced nausea, vomiting, and/or diarrhea. These symptoms mostly developed within 48 hr after ingestion of raw fish and lasted for 1--28 days ([Table 1](#t1-kjp-57-4-411){ref-type="table"}). Seventy five percent of the 12 patients with abdominal symptoms and 25% of the 8 asymptomatic patients reported a history of raw fish ingestion before their diagnosis of colonic anisakiasis. Forty percent patients were incidentally found to have a colonic infection of *Anisakis* larvae during screening colonoscopic examinations ([Table 1](#t1-kjp-57-4-411){ref-type="table"}; [Supplementary Table S1](#s1-kjp-57-4-411){ref-type="supplementary-material"}).

Laboratory and radiologic findings
----------------------------------

Leukocytosis was found in 20%, and eosinophilia in 20% ([Table 1](#t1-kjp-57-4-411){ref-type="table"}). Of the 20 patients, radiographic data of 25% patients were studied; 5% patient had ileus, and the remaining 20% patients had a normal abdomen. Among the 20 patients, 25% underwent contrast-enhanced abdominal computed tomography before colonoscopic removal of the *Anisakis* larvae. They showed edematous changes of the enteric walls, including thickened folds at the site of infection. No narrowing of the lumen or ascites was detected.

Endoscopic findings
-------------------

In all patients, colonoscopy was performed within 24 hr after visiting the hospital, and anisakiasis was diagnosed by observation of the worms during the colonoscopic examination. Localized mucosal edema and erythema were observed in 50% of patients. *Anisakis* larvae were found in the cecum and ascending colon in 60% of patients, transverse colon in 20%, descending colon in 10%, sigmoid colon in 5%, and rectum in 5%. The worms were removed using biopsy forceps, except in 1 case. In that case, the patient was treated with oral albendazole ([Table 1](#t1-kjp-57-4-411){ref-type="table"}). After colonoscopic removal, the abdominal pain disappeared within a few hours.

After dividing the patients into 2 groups according to whether they had acute anisakiasis or asymptomatic anisakiasis ([Table 2](#t2-kjp-57-4-411){ref-type="table"}), we did not find a statistical difference in laboratory, radiologic, and colonoscopic findings between the groups. However, edematous mucosal changes and wall thickening of the bowel detected by computed tomography and colonoscopy were more common in the acute anisakiasis group than in the asymptomatic anisakiasis. The *Anisakis* larvae were mainly found in the right colon in both groups.

DISCUSSION
==========

This study demonstrated that some patients with colonic anisakiasis can be diagnosed by colonoscopy before intestinal obstruction or perforation occurs. In some patients, biopsy forceps were used to remove the *Anisakis* worms, demonstrating that diagnosis and treatment can be performed simultaneously in some instances.

According to a series of 15,715 cases reported by Ishikura \[[@b9-kjp-57-4-411]\], gastric anisakiasis accounted for 95.6% of *Anisakis* infections, enteric anisakiasis for 4.1%, and other sites for 0.3%. Mineta et al. \[[@b10-kjp-57-4-411]\] performed a meta-analysis of 30,000 reported cases of anisakiasis in Japan and found only 0.25% of colonic anisakiasis. The most reasonable explanation for the rarity of colonic infection is that the colon is too far from the mouth for the orally ingested larvae to reach \[[@b10-kjp-57-4-411],[@b11-kjp-57-4-411]\]. The location of larval invasion is affected by the amount and frequency of food intake, fullness of the patient's stomach, and excretion capacity and digestive power of the digestive tract. Among the 75 reported cases of colonic infection, *Anisakis* larvae were found on the right side of the colon in more than half of the cases. Similarly, in the current study, 65% of patients were also found to have the *Anisakis* larvae on the right side of the colon. The more frequent involvement of the right side of the colon can be explained by the gradual peristalsis and slow transit in the colon, which allows the larvae to infect while remaining in the right side of the colon \[[@b11-kjp-57-4-411]\]. When a digestive disorder exists, symptoms can occur within a few hours of consumption the contaminated, raw fish.

The most important clinical clue for the diagnosis of colonic anisakiasis is a history of raw marine fish ingestion. In our study, 55% patients had a history of consuming raw fish. Clinical manifestations of colonic anisakiasis are nonspecific; patients may present with symptoms as diverse as colic and diffuse abdominal pain, nausea, vomiting, and diarrhea \[[@b12-kjp-57-4-411]\]. In our study, 35% patients complained of these types of symptoms, which explains why patients with colonic anisakiasis are often misdiagnosed as having acute appendicitis or diverticulitis \[[@b12-kjp-57-4-411]\]. Clinical symptoms appear within 48 hr after ingestion of the contaminated meat and continue for 1--5 days with spontaneous recovery often occurring \[[@b13-kjp-57-4-411]\]. Except in 3 patients in our study, most patients' symptoms occurred within a similar period.

On the contrary, gastric anisakiasis presents with acute severe epigastric pain few hours after the ingestion of raw seafood infested by *Anisakis* larvae. The symptoms usually occur within 12 hr. It takes a shorter time for symptoms to manifest compared to colonic anisakiasis \[[@b14-kjp-57-4-411],[@b15-kjp-57-4-411]\]. Other clinical manifestations include nausea, vomiting, and low-grade fever. There are cases in which the patients present with hematemesis from gastric ulceration \[[@b15-kjp-57-4-411]--[@b20-kjp-57-4-411]\].

Laboratory examinations may demonstrate the presence of leukocytosis, especially if there are complications, such as ileus perforation or peritonitis; additionally, an increased eosinophil count may be observed 8--15 days after parasitic ingestion. However, eosinophilia is not always observed at the onset of the symptom or specific to anisakiasis \[[@b21-kjp-57-4-411]\]. In our cases, neutrophilia was found in 20% of patients, and eosinophilia was found in 20%. A plain abdominal X-ray is also non-specific, and radiology of the small bowel may aggravate the clinical symptoms. Despite recent advances in various imaging techniques, such as ultrasonography, computed tomography, and magnetic resonance imaging, it remains difficult to make a definite diagnosis of small intestinal and colonic anisakiasis. However, the radiographic features of intestinal or colonic anisakiasis are characterized by edematous changes of the enteric walls, including thickened folds, a "thumb-print" appearance, saw-toothed aspect, an irregular narrowing of the lumen, and the disappearance of the Kerckring folds \[[@b7-kjp-57-4-411],[@b22-kjp-57-4-411]\]. These findings may be helpful for the diagnosis of anisakiasis in the small intestine or colon, but it is not always specific \[[@b22-kjp-57-4-411]\]. In our study, we observed edematous mucosal change, hyperemia, or erosion by colonoscopy in 35% patients. These are common colonoscopic findings in *Anisakis* infection. Additionally, luminal stricture and mucosal hemorrhage is observed, but these are nonspecific findings.

In patients with gastric anisakiasis, endoscopic removal of the larvae sticking to the gastric wall is usually curative without the need for further treatment because there is often only a single worm in most patients \[[@b1-kjp-57-4-411]\]. In cases of colonic anisakiasis, colonoscopic removal of the infecting organisms has been rarely been reported \[[@b23-kjp-57-4-411]\]. Because the *Anisakis* larvae die over time, i.e., after passing through the stomach and small intestine, colonic anisakiasis is generally treated conservatively \[[@b24-kjp-57-4-411]\]. Moreover, surgical treatment is needed only in cases of intestinal obstruction or acute peritonitis \[[@b25-kjp-57-4-411]\]. In our cases, the diagnosis and treatment of colonic anisakiasis was performed in 95% patients; the larvae were found and removed by colonoscopy. Only 1 patient was treated with albendazole. The physician could not diagnose colonic anisakiasis, until an *Anisakis* larva was detected by colonoscopy. Because severe edematous mucosa, erosion, and a polyp-like lesion were found by colonoscopy, the physician prescribed albendazole for empirical treatment later. The symptom and colonoscopic finding improved after the patient took the medication.

Patients with colonic anisakiasis were divided into 2 groups according to their symptoms at onset: acute anisakiasis and incidental anisakiasis. Patients with acute anisakiasis complained of acute abdominal pain, and they visited the hospital and were diagnosed by colonoscopy. Patients with incidental anisakiasis were asymptomatic and diagnosed based on screening colonoscopy findings. When the clinical and other features of the 2 groups of patients were compared, leukocytosis and eosinophilia were more frequent in the acute anisakiasis group than in the incidental anisakiasis group. Mucosal thickening detected by computed tomography and edematous mucosa detected by colonoscopy were also more prevalent in the acute anisakiasis group than in the incidental anisakiasis group. However, there were no significant differences in laboratory, radiologic, and colonoscopic findings between the groups. Regardless, most larvae were located in the right colon in both groups.

The symptoms of colonic anisakiasis are vague, and this condition is often misdiagnosed. Matsumoto et al. \[[@b11-kjp-57-4-411]\] reported that colonic anisakiasis is misdiagnosed preoperatively as acute appendicitis, cancer, ileitis, and diverticulitis. In a retrospective study in Japan, Hayasaka et al. \[[@b12-kjp-57-4-411]\] found that anisakiasis was often misdiagnosed as Crohn's disease. In our patients, the 8 asymptomatic patients were diagnosed as having colonic anisakiasis during screening colonoscopies. Prior cases of asymptomatic colonic anisakiasis have not been reported in Korea. Differential diagnoses must be carefully considered for trichuriasis and colonic anisakiasis by colonoscopy.

Larval *Anisakis* are grossly visible, measuring approximately 2--2.5×0.1--0.2 cm. In colonic anisakiasis, colonoscopic findings show hyperemic and edematous mucosal changes due to colonic wall invasion by the larvae ([Fig. 1](#f1-kjp-57-4-411){ref-type="fig"}). Regardless, morphologic proof of an *Anisakis* larva in the resected specimen is the best basis for a diagnosis \[[@b26-kjp-57-4-411]\]. In histological sections, *Anisakis* larvae have distinctive Y-shaped lateral cords, 60--90 muscle cells per quadrant, and no lateral alae or wing-like projections extending from the cuticle, similar to *Ascaris* larvae \[[@b1-kjp-57-4-411]\].

Our study included cases of anisakiasis of several hospital, which is not equivalent to the true anisakiasis incidence or characteristics in the general population. Individual data such as occupation and/or other possible related risk factors are not included. However, by colonoscopic examination we correctly diagnosed intestinal anisakiasis and avoided unnecessary surgical intervention.

In conclusion, early colonoscopic examinations may be helpful in the diagnosis and treatment of colonic anisakiasis when the patient has a history of ingestion of raw fish. In addition, colonic anisakiasis may be diagnosed by colonoscopy when an asymptomatic patient has a history of eating of raw fish.
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###### 

Baseline characteristics of the enrolled patients by individual case

![Colonoscopic findings of anisakiasis in case no. 12.](kjp-57-4-411f1){#f1-kjp-57-4-411}

###### 

Baseline characteristics (n=20)

                                                                  Patients, %
  --------------------------------------------------------------- ---------------------------------------------------------------------------
  Sex                                                             Male, 70.0
  Female, 30.0                                                    
                                                                  
  Age (yr), mean±SD (range)                                       53.6±10.74 (32--71)
                                                                  
  Type of raw fish                                                Conger, 10
  Skate, 10                                                       
  Yellowtail, 5                                                   
  Flatfish, 5                                                     
  Crayfish, 5                                                     
  Undetermined, 20                                                
  NA, 45                                                          
                                                                  
  Time from ingestion of raw fish to onset of symptoms (hr)       ≤ 12, 5
  \>12≤24, 5                                                      
  \>24≤48, 10                                                     
  \>48, 25                                                        
  NA, 15                                                          
  Incidental, 40                                                  
                                                                  
  Clinical symptoms[a](#tfn2-kjp-57-4-411){ref-type="table-fn"}   Abdominal pain, 35
   RLQ pain, 10                                                   
   Lower abdomen pain, 10                                         
   Periumbilical pain, 5                                          
   NA, 10                                                         
  Hematochezia, 5                                                 
  Diarrhea, 5                                                     
  Stool caliber change, 10                                        
  Dyspepsia, 5                                                    
  Nausea or vomiting, 10                                          
  Health checkup, 40                                              
                                                                  
  Location                                                        Cecum and ascending colon[b](#tfn3-kjp-57-4-411){ref-type="table-fn"}, 60
  Transverse colon, 20                                            
  Descending colon, 10                                            
  Sigmoid colon, 10                                               
  Rectum, 5                                                       
                                                                  
  Leukocytosis                                                    Yes, 20
  No, 80                                                          
                                                                  
  Eosinophilia                                                    Yes, 20
  No, 80                                                          
                                                                  
  Treatment                                                       Endoscopic removal, 95
  Medication, 5                                                   

SD, standard deviation; NA, not available; NS, not significant; RLQ, right lower quadrant.

Data are overlapped.

Appendix is included.

###### 

Comparison of laboratory, radiologic, and colonoscopic findings between the acute anisakiasis and incidental anisakiasis groups

                                                        Acute anisakiasis (%) 60% (n=12)   Incidental anisakiasis (%) 40% (n=8)   *P*-value
  ----------------------------------------------------- ---------------------------------- -------------------------------------- -----------
  Laboratory Findings                                                                                                             
   Leukocytosis                                         33.3                               0                                      0.068
   Eosinophilia                                         25.0                               12.5                                   0.494
                                                                                                                                  
  Radiologic Findings                                                                                                             
   Ileus on X-ray                                       16.7                               0                                      0.224
   Mucosal thickening detected by computed tomography   33.3                               0                                      0.068
                                                                                                                                  
  Colonoscopic Findings                                                                                                           
   Edematous mucosa with erythema                       41.7                               37.5                                   0.852
                                                                                                                                  
  Location                                                                                                                        
   Left colon                                           8.3                                25.0                                   0.537
   Right colon                                          91.7                               75.0                                   

[^1]: These authors contributed equally to this work.
